A
t very low temperatures, certain atomic gases undergo a phase transition to a Bose-Einstein condensate. In such a condensate, the atoms lose their individuality, and the entire condensate behaves as if it were a quantum mechanical wave with a phase. On page 1945, Saba et al. (1) show how the phase difference between two condensates can be measured without destroying the condensates. In a major step toward applications in both science and engineering, it is now possible to follow the evolution of the phase difference in time, and maybe even to use repeated measurements of the phase to control the state of the system.
As is the case with all waves, the quantum wave associated with a Bose-Einstein condensate has the potential for interference. In the first experiments on the phase difference between condensates (2), two condensates were overlaid (see the figure) . This produces an interference pattern; areas with a high gas density alternate with lowdensity areas. The locations of the peaks and valleys of the interference pattern depend on the phase difference between the condensates. If the condensates are prepared independently, their phases have random values, and the interference pattern changes unpredictably from one experiment to another.
The intriguing question is how the condensates acquire their phases. In other words, how does nature decide where two seemingly unstructured gases combine to make, say, a region of higher density? Similar situations are actually not rare in physics. For example, a small grain of iron cooled below 770°C picks up a magnetization pointing in some direction. There need not be an observable reason for any particular direction. However, in the case of a magnet, an environmental magnetic field-no matter how small-is always present and may force its direction upon the magnetization. Not so with a Bose-Einstein condensate: No known physical interaction can fix its phase. Besides, if a Bose-Einstein condensate has a definite number of atoms (even if that number is not known), theory does not allow for a phase. The solution to the dilemma is that, even if the individual condensates do not carry phases, a measurement of the phase difference creates a phase difference (3) .
Before the work of Saba et al., all experiments required the two condensates to be destroyed before the phase difference became known. The authors (1) overcome this problem by using light beams to extract small samples from two condensates and then allowing the samples to interfere. Because the samples carry with them the phases of the mother condensates, this scheme allows a nondestructive measurement of the phase difference. Furthermore, the same light beams that extract the atoms get attenuated or amplified depending on the atom interference. To detect the phase difference, one therefore only need measure light intensities; atom detection is not required.
Once in existence, the phase difference evolves in time depending on the forces acting on the atoms. Repeated or continuous measurements of the phase difference probe the evolution, and therefore constitute an interferometric measurement of the forces. Proofof-principle experiments of this kind are reported in (1). Precise measurements of force and acceleration have many uses. Laser gyroscopes carried on aircraft are used both to determine the orientation of the plane and as navigational tools, and mechanical gravimeters are used in ore and oil exploration. These are mature, entrenched technologies, but schemes based on atom interferometry possess fundamental scientific advantages.
First, according to quantum mechanics, an atom is associated with a wave. An atomic wave could replace the light wave in a laser gyroscope. A gyroscope measures the rate of rotation. A device based on interferometry, such as a laser gyroscope, must use a physical mechanism that converts rotation rate into a phase. Here, atoms enjoy an intrinsic advantage over light: The intrinsic sensitivity of an atom gyroscope is higher by a factor of around 10 10 (the rest energy of the atom divided by the photon energy) than that of a laser gyroscope. In a laboratory setting, short-term sensitivities of gyroscopes based on matter waves and light waves are comparable (4) .
Signal-to-noise ratio is the second essential ingredient to the sensitivity of an interferometer: The less noise, the more precisely one can determine a phase. In this context, two (or more) Bose-Einstein condensates could help. The idea is based on the fact that a Bose-Einstein condensate can act as a quantum system, and that a measurement alters the state of a quantum system. Indeed, the very phase difference between interfering condensates may originate from a measurement. In a form of "quantum engineering," one could therefore design strate-
PHYSICS

Bose-Einstein Condensates
Interfere and Survive
Juha Javanainen
The author is in the Department of Physics, University of Connecticut, Storrs, CT 06269, USA. E-mail: jj@phys.uconn.edu
PERSPECTIVES
Interfere and vanish. In the first demonstration (2) of the phase difference, two condensates were confined to adjacent atom traps (top). When the condensates were released, they expanded, overlapped, and developed an interference pattern (bottom). The position of the interference pattern depends on the phase difference between the condensates. In this experiment, the condensates were destroyed. The strategy of Saba et al. (1) ) should inspire a new generation of work on the quantum mechanics of phase and atom number (6, 7) . Since their discovery in 1995, gas-phase Bose-Einstein condensates have offered fascinating insights into basic physics, but in the words of a quip about lasers from the 1960s, they are a solution looking for a problem. Some of the first applications are likely to be in interferometric measurement devices. The advance reported by Saba et al. (1) is an important step in this direction.
A lmost everything we know about the fundamental properties of living cells-how they grow and divide, how they express their genetic information, and how they use and store energy-has come from the study of model organisms. These simple creatures traditionally include the bacterium Escherichia coli and its bacteriophage viruses, bakers' yeast Saccharomyces cerevisiae, the nematode worm Caenorhabditis elegans, the fruit fly Drosophila melanogaster, and the mouse Mus musculus, each a representative of the diversity of life. Our colleague Gerry Fink has likened this handful of organisms to the Security Council of the United Nations because, among the world's multitude of organisms, they garner most of the attention of researchers and dictate the distribution of most of the biomedical research funds that are not targeted to specific diseases. A few other organisms-the fission yeast Schizosaccharomyces pombe, the mustard plant Arabidopsis thaliana, the zebrafish Danio rerio, and the frog Xenopus laevismay qualify for seats on the council, but membership is limited. But has the very success of experimental approaches using model organisms made them (and the scientists who study them) endangered? Now may be an opportune time to ask: What more can model organisms tell us about fundamental biological processes?
Three daunting issues confront biologists who devote their careers to studying model organisms. First, some of the most crucial questions have been answered, at least in part. Thus, we know a lot about the mechanisms that underlie the cell cycle; the cellular components that synthesize, modify, repair, and degrade nucleic acids and proteins; the signaling pathways that allow cells to communicate; and the mechanisms that lead to the selective expression of subsets of genes. Remarkably, the operating principles of these cellular processes have been conserved throughout the tree of life. Second, problems of human biology and human disease are becoming increasingly seductive. Given that the flow of information and molecules around individual cells is established, at least in outline, many biologists find more excitement in, for example, discovering how organ systems develop and function, how learning and memory operate, and how innate and adaptive immunity coordinate their responses. We want to understand how people get old, why they get sick, and what we can do about it. The intrinsic appeal of these topics is bolstered by encouragement from the National Institutes of Health and other funding agencies to conduct "translational research," studies that directly address the prevention or treatment of disease. Third, the tools and resources that made uncomplicated model organisms so attractive to begin with can be applied increasingly well to much more complex creatures including mice and humans. Thus, we now have essentially complete mammalian genome sequences, an expanding resource of purified genes and proteins, DNA chips to measure gene expression, and vast numbers of DNA sequence polymorphisms to map traits such as susceptibility to disease. Perhaps most disquieting for the model organism researcher is the recent acquisition by mammalian biologists of a method that was once the sole province of those working on simpler creatures: facile elimination of gene function. The new method of RNA interference has leveled this playing field.
So what does the future hold for model organism research? In the case of S. cerevisiae, the eukaryotic model organism with the smallest number of genes, we contend that it will be "solved" within the next 20 to 30 years. Of course, not every facet of yeast biology will be known: Precise biochemical functions will not be available for every gene product, the level of every metabolite will not have been measured under all possible environmental stresses, and the subtle effects of mutations on protein folding, stability, or modification will not be wholly predictable. But no basic molecular process in yeast will remain obscure. This is a remarkable accomplishment that should be celebrated. And if we expect to essentially "solve" over the next few decades a cell constructed from 6000 genes, how much longer can it be before we "solve" the fruit fly with only twice as many genes, or the roundworm with only about three times as many genes?
The benefits that we will realize from these successes include a working blueprint first of a cell, then of multicellular organisms, that will enable researchers to decipher ever more complex biological processes such as tissue development, the immune response, and neurobiology. Because of the spectacular progress of model organism research, we can expect to reach a thorough understanding of the molecular basis of life. This Security Council, unlike its political counterpart, is proving to be a resounding success.
That said, are we playing a dirge to model organism research or singing a paean to its reinvention? We are singing, because we believe that the hegemony of model organisms in biological research will persist. We see at least five reasons why.
1) Over the coming few decades, model organisms will continue to provide insights into replication, transcription, translation, protein secretion, metabolism, and many other aspects of cell biology, biochemistry, and physiology, because they offer the keenest methods of analysis. In fact, the value of model organisms will only increase, because the human geneticist who identifies a disease gene implicated in a conserved cellular process will turn to these models to provide deeper insights into the function of that gene. And that researcher will discover a rich
